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454a Tuesday, February 28, 2012papilloma model. In contrast, the nonnative state showed only a fraction of the
proteolytic activity of the native form. This study demonstrates that hexafluor-
oisopropanol can induce a conformational change in stem bromelain to a form
with potentially useful therapeutic properties different from those of the native
protein.
2308-Pos Board B78
Cold Denaturation in a Small Protein Domain
Ginka Buchner, Natalie Shih, Jan Kubelka.
University of Wyoming, Laramie, WY, USA.
Small, stable protein domains have become increasingly important as models
for protein folding. However, one of the general thermodynamic characteristics
of protein structures - cold denaturation - has not been observed for such model
domains. We have investigated the thermal unfolding of a small 45 residue
a-helical UBA domain using CD and fluorescence spectroscopy. In addition
to a relatively high thermal stability (Tm ~ 330K), we have also detected unfold-
ing at cold temperatures, whose onset begins around 285K in the absence of
denaturant. To further probe the cold denaturation, urea was used to destabilize
the protein and therefore shift the onset of the cold denaturation to higher
temperatures. All experimental data could be explained using a simple thermo-
dynamic model, which assumes linear dependence of the unfolding free energy
(DG) on the denaturant concentration. The model yields a large positive heat
capacity change upon unfolding, which is traditionally associated with solvent
exposure of hydrophobic groups. This small UBA domain therefore provides
a valuable model for studying the still controversial phenomenon of cold dena-
turation and for understanding folding of larger proteins, which exhibit cold
denaturation behavior.
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One of the putative causes of Alzheimer’s disease involves aggregation of mis-
folded amyloid b (Ab), a 39-42 residue polypeptide chain, and its subsequent
deposition as amyloid plaques. The aggregation process proceeds via a nucle-
ated polymerization mechanism where disordered peptide monomers interact
with each other through hydrophobic interactions and rapidly extend and aggre-
gate to eventually form larger fibrils with a highly ordered cross-strand b-sheet
structure. It has also been suggested that the aromatic amino acid residues,
tyrosine Y10 and phenylalanines (F19 and F20) in the central hydrophobic
cluster (CHC) of the peptide play an important role in fibril assembly. In par-
ticular, F19 and F20 are suspected to be the drivers of the aggregation mecha-
nism because of their hydrophobicity and aromaticity. In this context
perturbation of the CHC through the introduction of non-natural (fluorinated)
amino acids is expected to affect the aggregation process. Fluorinated amino
acids in particular demonstrate distinct properties dictated by the presence of
highly electronegative and hydrophobic fluorine atoms. However such fluorina-
tion is known to potentially eliminate the favorable interaction of aromatic
hydrogens with the p-electron cloud, which can affect protein-protein interac-
tions. In the present study the introduction of a pentafluoro-Phe in the hydro-
phobic core of the 26 residue Ab peptide (Ab10-35) and its effect on fibril
formation has been investigated using circular dichroism (CD) and fluores-
cence methods which indicate a sequential conformational transition of the
peptide from random coil/ antiparallel b-sheets/ parallel b-sheets. Tran-
sition time points have been obtained from these methods and compared to
those obtained for the non-fluorinated peptide. UV resonance Raman
(UVRR) studies have been performed to probe and characterize the vibrational
modes of the fluoro-phenylalanines in the peptide and to explore their effect on
the Phe-Phe p-stacking interactions.
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To determine whether or not a protein uses multiple pathways to fold is an
important goal in protein folding studies. When multiple pathways are present,
defined by transition states that differ in their compactness and structure but not
significantly in energy, they may manifest themselves by causing the depen-
dence on denaturant concentration of the logarithm of the observed rate con-
stant of folding, to have an upward curvature. Upward curvatures are
normally not observable, but may become evident upon mutation if the muta-
tion differentially destabilizes the transition states on the parallel pathways.
Folding and unfolding kinetic studies performed with heterodimeric monellin(dcMN) and monomeric monellin (scMN), respectively, using the intrinsic
tryptophan fluorescence of the protein as the probe, show chevron arms with
upward curvatures. In this study, the folding mechanism of dcMN has been
studied over a range of protein and guanidine hydrochloride (GdnHCl) concen-
trations. Folding is shown to occur in multiple kinetic phases. In the first stage
of folding, which is silent to any change in intrinsic fluorescence, the two chains
of monellin bind to one another to form an encounter complex. Interrupted fold-
ing experiments show that the initial encounter complex folds to native dcMN
via two folding routes, and a productive folding intermediate is identified on
one but not on both of these routes. The formation of the intermediate occurs
in a fast kinetic phase, and its folding to native dcMN occurs in a slow kinetic
phase. The folding chevron arms for both the fast and slow phases of folding are
shown to have upward curvatures, suggesting that at least two pathways are
operational during these kinetic phases of structure formation, and that folding
switches from one pathway to the other as the GdnHCl concentration is
increased.
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Filamentous haemagglutinin (FHA) is the major adhesin of B. pertussis, the
bacterium that causes whooping cough. It is the prototypical member of the
Two-Partner Secretion pathway family, a class of proteins associated with
virulence in Gram-negative bacteria. Such proteins are large yet efficiently
exported across the bacterial outer membrane without an obvious energy
source, suggesting the hypothesis that translocation is driven by folding.
Here, we use magnetic tweezers to apply stable and constant forces to single
molecules corresponding to the N-terminal 480 amino acids of FHA (which
initiate outer membrane translocation) and observe equilibrium unfolding
and refolding in multiple discrete steps. This distributed (rather than coopera-
tive) folding of isolated FHA provides evidence for processive, vectorial fold-
ing in vivo.
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Amyloid fibrils are constituents of the plaques that are the hallmarks of neuro-
gdegenerative diseases. In Parkinson’s disease, these plaques (Lewy bodies)
consist predominantly of the a-synuclein (aS) protein. To understand and inter-
fere with aggregation, the structure of the fibrils (right Fig., green) needs to be
known. Here we study the molecular architecture of the fibrils of aS by mea-
suring distances between pairs of residues in the protein using double
electron-electron paramagnetic resonance (DEER). Site-specific spin labeling
was employed to create nine doubly labeled aS-variants that were investigated
in the fibrillar state. Diamagnetic dilution with wild-type aS suppressed inter-
molecular interactions. The intramolecular distances provide constraints for the
fold of the protein inside the fibril. Intramolecular distances were unambigu-
ously observed for four pairs (41/69, 56/69, 56/90 and 69/90). Three of these
distances (arrows) provide
the constraints to suggest
a model for the fold be-
tween residues 56 and 90
in the fibril (light blue). As-
suming that only parallel
b-sheets occur (l.-blue
arrows), a model of four
adjacent b-strands results
(II-V), in which the strands
comprise of eight to twelve
residues each.2313-Pos Board B83
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Several lines of evidence indicate that pre-fibrillar assemblies of amyloidogenic
proteins such as soluble oligomers or protofibrils rather than mature, end-stage
Tuesday, February 28, 2012 455aamyloid fibrils cause neuronal dysfunction in neurodegenerative diseases
such as Alzheimer’s disease and Parkinson’s disease. Biochemical and cell
biological studies indicate that amyloid formation pathways can be manipu-
lated with small molecules. This suggests that stimulation of amyloid polymer-
ization with small molecules might reduce the prevalence of transient, toxic
aggregation intermediates. We have recently demonstrated the acceleration
of alpha-synuclein and Abeta fibrillogenesis through the action of the orcein-
related small mole-
cule, which leads to









gregates are toxic for mammalian cells. They also suggest that compound-
mediated acceleration of amyloidogenesis might be a promising therapeutic
strategy for amyloid diseases.
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Amyloid diseases, such as Alzheimer’s disease, are neurodegenerative disor-
ders that have been introduced by protein misfoldings into amyloid fibrils.
The Amyloid Precursor Protein irregularly cleaves the b-amyloid (Ab) peptide,
causing protein misfoldings to aggregate to form the hallmark plaques. For both
Ab(1-40) and Ab(1-42), a tendency of fibril formation has demonstrated to self-
assemble from a non-toxic monomer state to a lethal fibrillar state. Prior re-
search focused only on the 16-21 region of the peptide, however, it is equally
important to examine the hair-pin region without the presence of residues 16-
21. In order to study the effect on fibril formation without this ‘‘KLVFFA’’ re-
gion, the 22-35 sequence was chosen . The Italian (E22K) and Arctic (E22G)
point mutations lead to changes in time of fibril formation as well as solubility
and toxicity of fibrils. The single-point mutations are believed to promote early
onset of AD compared to the wild type (WT), prematurely producing clinical
and neuropathological features which are unchanged from those of late onset
AD. The use of Attenuated Total Reflection Infrared Spectroscopy, ATR-IR,
and Ultraviolet Visible Spectroscopy, UV-Vis, on the 22-35 sequence con-
firmed the formation of structures synonymous with toxic beta sheets. Using
Congo Red dye, which binds pentamerically to beta sheet fibrils, secondary
structures have been confirmed.
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Selected examples of turn sequence and hydrophobic contact stabilized b-hair-
pin peptides were previously studied using ECD, fluorescence, IR and VCD
spectroscopies to assess stability of b-hairpin formation. Extending this, two
three-stranded b-sheet peptides, based on modified Trpzip sequences, using
D-Pro-Gly (B3pG) or Asn-Gly (B3GN) turn sequences gave ECD spectra re-
flecting cross-strand Trp-Tyr aromatic interactions, and indicated both were
partially multi-stranded. Both showed initial IR spectra at low temperatures in-
dicative of extended b-sheet structure that were more characteristic of an aggre-
gate than a small oligomer structure. Thermal variation of their IR spectra gave
strikingly different behaviors. B3pG reversibly unfolded from aggregated b-
like structure at low temperature to disordered at high temperature. B3GN
formed aggregates at low temperature, became disordered with heating, but
upon re-cooling gave typical soluble b-sheet peptide spectra, which was could
be reversibly unfolded. ThT binding to dilute B3GN, but not B3pG, caused
a fluorescence enhancement, consistent with fibril formation. These results sug-
gest that turn sequence mutation leads to different micro- and macro-structures,
resulting in tuning their structurally related properties. Modifying the se-
quences to reduce hydrophobicity (aromatic residues) but incorporate
Aib-Gly turns gave partially folded peptides with reversible folding but less sta-
bility. Taking another view of b-sheet based peptide aggregation, we studied
fibril formation in glutamic acid oligomers at low pH (b2 form). We had shown
that poly-Glu IR is relatively insensitive to mixing of D and L isomers, which
causes a loss of long range order (fibrilization), as seen in EM, but VCD ishypersentive to this change, providing a new way of detection of long range
ordering (chirality) in fibril formation as opposed to aggregate forms. The
oligo-Glu peptide models add isotopic labeling to provide new insight into
the structure of the fibrils formed.
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Antibodies are composed of heavy chains and light chains. In Light Chain Am-
yloidosis (AL), antibody-secreting cells export only the light chains. These
light chains are prone to misfold, forming amyloid fibers, which get deposited
in various organs, leading to organ disfunction and patient death. The transition
from the native state to the amyloid fiber requires partial or total denaturation.
The structures of monomeric precursors to the oligomeric nuclei, or of those
assembled at the ends of the fibers, are unknown. There is an inverse correlation
between the stability of the native state and the speed of fiber formation, sug-
gesting that lower stability allows the population of ‘‘excited states’’ of the na-
tive ensemble, some of which could be amyloid fiber precursors. Starting from
the crystal structure of a variable light chain domain belonging to class 6a (one
of the most common in clinical cases of AL), we generated point mutants that
eliminate charges (R24G and D52A) or a proline (P7S). These mutants desta-
bilize the native state, and speed up fiber formation (for R24G and P7S). We
carried out MD simulations at three temperatures (298, 398 and 498K), to ex-
plore the effect of these mutations on the conformational landscape. We found
many metastable unfolding intermediates, which have eluded experimental de-
tection because their fluorescence is indistinguishable from that of the native
state. A common early unfolding intermediate exposes strand D, which has
a high potential for fiber formation according to ZipperDB. Those variants
with a higher speed of fiber formation expose this area with greater frequency.
We are thankful for computer resources at: Centro Nacional de Superco´mputo,
IPICyT; Kan Balam, UNAM; Sputnik, IBT-UNAM; Orion, FC and CIQ-
UAEM.
Funding: CONACYT 102182 and 133294.
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Amyloid beta (Ab) proteins aggregate to form insoluble fibrils in the brains of
persons with Alzheimer’s disease (AD). X-ray diffraction studies reveal cross-
b structure in these fibrils, while solid state NMR studies indicate that this
structure consists of in-register parallel b-sheets. Proteins with these character-
istics accumulate in over a dozen different diseases, which have come to be
known as protein misfolding diseases. The trigger that induces the misfolding
of Ab proteins in AD is unknown, and neither is the mechanism by which
monomeric Ab proteins add to the growing end of a fibril. In order to
characterize the structure of Ab proteins under conditions in which they are
monomeric but not aggregated, we have encapsulated the 40-residue form
of the Ab protein (Ab40) into reverse micelles formed from sodium bis
(2-ethylhexyl) sulfosuccinate (AOT) and examined them with transmission
FTIR spectroscopy. Several types of evidence indicate that the encapsulated
proteins are monomeric, yet the spectra suggest that they have b-sheet second-
ary structure. The spectra of a polypeptide with the same amino acid composi-
tion as Ab40 but with a scrambled sequence show a random-coil structure.
These results suggest that Ab40 is capable of forming both antiparallel b struc-
tures in a reverse micelle, and parallel b structure in an amyloid fibril. We spec-
ulate that antiparallel b structure may help pre-organize the protein for adding
onto the end of a growing fibril.
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The accumulation of misfolded amyloid proteins has proven to be the common
link between neurodegenerative diseases such as Alzheimer’s, Huntington’s,
and Parkinson’s disease. According to previous studies done by numerous
